We report the discovery of GJ 1252 b, a planet with a radius of 1.193 ± 0.074 R ⊕ and an orbital period of 0.52 days around an M3-type star (0.381 ± 0.019 M ⊙ , 0.391 ± 0.020 R ⊙ ) located 20.4 pc away. We use TESS data, ground-based photometry and spectroscopy, Gaia astrometry, and high angular resolution imaging to show that the transit signal seen in the TESS data must originate from a transiting planet. We do so by ruling out all false positive scenarios that attempt to explain the transit signal as originating from an eclipsing stellar binary. Precise Doppler monitoring also leads to a tentative mass measurement of 2.09 ± 0.56 M ⊕ . The host star proximity, brightness (V = 12.19 mag, K = 7.92 mag), low stellar activity, and the system's short orbital period make this planet an attractive target for detailed characterization.
INTRODUCTION
The field of exoplanets has come a long way since the first discoveries at the end of the 20th century (Latham et al. 1989; Wolszczan, & Frail 1992; Mayor, & Queloz 1995) . One of the current frontiers in the study of exoplanets is that of small planets, smaller than Neptune and Uranus. The Kepler mission led to the discovery of thousands of small planets (e.g., Borucki et al. 2011; Thompson et al. 2018) . This in turn led to the measurement of the planet radius distribution, showing that within 1 au of Sun-like stars, small planets are more frequent than large (gas giant) planets (e.g., Borucki et al. 2011; Thompson et al. 2018) and that there is a deficit (or local minimum) of planets with 1.5-2.0 R ⊕ (Fulton et al. 2017) . However, the number of small planets with a well measured mass is still small, especially for planets with radius smaller than 2 R ⊕ . In addition, only for a few small planets has it been possible to characterize the atmosphere (e.g., Benneke et al. 2019) or measure the stellar obliquity (e.g., Sanchis-Ojeda et al. 2012; Hirano et al. 2012; Albrecht et al. 2013; Sanchis-Ojeda et al. 2015) .
The study of small planets is hampered by the lack of small planets orbiting stars that are bright enough for detailed follow-up investigations. The TESS mission is designed to overcome this problem by detecting transiting planet candidates orbiting bright stars positioned across almost the entire sky. Among those, planet candidates orbiting nearby M dwarf stars present a special opportunity, as their typical high proper motion and small size make it easier to rule out false positive scenarios. This quickly clears the way for follow-up studies including mass measurement and atmospheric characterization. In addition, for nearby M dwarfs astrometric data from the Gaia mission will be sensitive to stellar and sub-stellar companions within 1 au (Perryman et al. 2014; Sozzetti et al. 2014 ).
Here we present the discovery of GJ 1252 b, a small planet orbiting an M dwarf. The planet was initially discovered as a transiting planet candidate using TESS data. Based on the TESS data and additional followup data we are able to reject all false positive scenarios, showing it is a real planet. In addition, we were able to obtain a marginal mass measurement. Observations and data analysis of TESS data and ground-based photometry, spectroscopy, and high angular resolution imaging are described in Section 2. Host star characterization is described in Section 3, and in Section 4 we go through all false positive scenarios showing that they are all re-jected. In Section 5 we investigate the radial velocity (RV) time series and search for an orbital RV signal. We discuss the newly discovered star-planet system in Section 6 and conclude with a brief summary in Section 7.
2. OBSERVATIONS AND DATA ANALYSIS 2.1. TESS data GJ 1252 was observed by Camera 2 of the TESS spacecraft during Sector 13, from 2019 June 19 to 2019 July 17. Listed in the TESS input catalog (TIC; ) as TIC 370133522 it was observed with a 2-minute cadence using an 11×11 pixel subarray centered on the target 1 . The photometric data were processed through the Science Processing Operations Center (SPOC) pipeline (Jenkins et al. 2016) , largely based on the predecessor Kepler mission pipeline (Jenkins et al. 2017) .
The SPOC analysis had identified a transit-like signal in the target's light curve with a brief decrease in brightness of about 850 ppm (parts per million) every 0.518 days. Upon further inspection at the TESS Science Office it was added to the list of TESS objects of interest (TOIs) as TOI 1078.01. We list astrometric and photometric information about the target in Table 1 .
We downloaded the TESS light curve from MAST 2 and removed all flux measurements where the quality flag was set. This step removed 897 measurements out of the total of 20,479, or 4.4 % of the data.
We then proceeded with fitting the Presearch Data Conditioning light curve (Smith et al. 2012; Stumpe et al. 2014 ) which were corrected for instrumental systematics and contamination from nearby stars. We used Allesfitter 3 for fitting a transit model. The Allesfitter code uses ellc (Maxted 2016) for the transit light curve model, emcee For the GP kernel we adopted the Matérn-3/2 covariance 4 (Foreman-Mackey et al. 2017), which has a characteristic amplitude σ and time scale ρ. Before fitting the in-transit data we used the out-of-transit flux measurements to fit only the two noise model parameters. We then used the results to establish appropriate Gaussian priors on the noise model parameters when fitting a transit model to the in-transit data.
We fitted a transit light curve model while assuming a circular orbit and fitting seven free parameters with uniform priors: Orbital period P , specific mid transit time T 0 (which was chosen to be in the middle of the TESS time coverage, to minimize the covariance with P ), planet to star radii ratio R p /R s , sum of star and planet radii divided by the orbital semi-major axis (R s + R p )/a, cosine of the orbital inclination cos i, and two transformed limb darkening coefficients q 1 and q 2 (following Kipping 2013). We used a Markov Chain Monte Carlo fitting procedure with 100 walkers with 10,000 steps each, and disregard the first 2,000 (20%) of the steps. The fitted parameters are listed in Table 2 along with several parameters derived from the fitted parameters, and the transit light curve with the fitted model is plotted in Figure 1 .
In our analysis we assumed the contribution from other stars to the total flux in the photometric aperture was 2.2% of the flux of GJ 1252, as reported in the TIC. While we did not assume an uncertainty on that parameter, it is three times smaller than the uncertainty on the measured transit depth.
We tested our results for the fitted parameters by applying several variants of our model fitting, including:
• Fixing the limb darkening parameters to theoretical values of q 1 = 0.36 and q 2 = 0.15, based on Claret (2017) .
• Using Gaussian priors on q 1 and q 2 centered on the values above and with 0.1 standard deviation.
• Fixing q 1 to 0.36 and allowing q 2 to vary freely with a uniform prior.
• Repeating the analysis without GP, including the variants above.
All variants of the original analysis resulted in fully consistent results for the fitted parameters at the 0.2σ level.
In a subsequent analysis we refined the ephemeris by simultaneously fitting TESS and ground-based light curves (described below in Section 2.2). This was done while fitting only for P and T 0 and using Gaussian priors on the rest of the parameters following their fitted values as derived when fitting only the TESS data. Those refined P and T 0 values are listed in Table 2 . 4 The covariance between two measurements with a time difference Five full transits of GJ 1252 were observed using 1 m telescopes of the Las Cumbres Observatory (LCO 5 ; formerly named LCOGT) network (Brown et al. 2013) .
Two transits were observed with the Pan-STARSS z filter (which is 1,040Å wide centered at 8,700Å), on the nights of UT 2019 August 24 and UT 2019 August 25 from the South African Astronomical Observatory (SAAO) and Siding Spring Observatory (SSO), respectively. Both observations used 35 s exposure times and a defocus of 1.0 mm, resulting in images with typical FWHMs of ≈ 3 ′′ . Three transits were observed with the SDSS-g filter, on the nights of UT 2019 September 19, UT 2019 September 20, and UT 2019 October 9. The two observations in September were done from SAAO, and the third observation, in October, was done from the Cerro Tololo Inter-American Observatory (CTIO). These three observations used 70 s exposure times and a defocus of 0.3 mm, resulting in images with typical FWHMs of ≈ 2. ′′ 5. We used the TESS Transit Finder, which is a customised version of the Tapir software package (Jensen 2013) , to schedule our transit observations. The telescopes are equipped with 4096 × 4096 LCO Sinistro cameras having a pixel scale of 0. ′′ 389 pixel −1 resulting in a 26. ′ 5 × 26. ′ 5 field of view.
The images were calibrated by the standard LCO BANZAI pipeline and the photometric data were extracted using the AstroImageJ (AIJ) software package (Collins et al. 2017) . Circular apertures with a radius of 16 pixels (6. ′′ 2) were used to extract differential photometry from the Pan-STARSS z band images. Circular apertures with radius 9 pixels (3. ′′ 5) were used to extract differential photometry from the SDSS-g images. The nearest star in the Gaia DR2 and TIC v8 catalogues is 16 ′′ to the South of GJ 1252 at the epoch of the followup observations, so the photometric apertures are not contaminated with significant flux from known nearby stars. All five LCO light curves are plotted together in Figure 2 .
In addition to extracting the target light curve we have also extracted and carefully examined the light curves of all nearby stars within 2. ′ 5 of the target. On none of the nearby stars did we detect variability that could explain the observed signal in the TESS data if some of the light from a nearby variable (eclipsing binary) star were entering the target's aperture.
MEarth
We used the MEarth array of seven 0.4 m telescopes, located at CTIO, to observe GJ 1252 on UT 2019 August 29 for 4.5 hours centred on the predicted transit time. MEarth uses the RG715 filter, with a wavelength range that is encompassed by the TESS band wavelength range. We used all seven telescopes to observe the target simultaneously with an exposure time of 60 seconds, while applying a defocus that brings the half flux diameter to 12 pixels. Figure 2 shows the light curve from all seven MEarth telescopes.
As with the LCO data, we examined the MEarth light curves of all nearby stars within 2.5 arcmin of the target. None of the nearby stars showed variability amplitude The legend lists the dates the light curves were obtained on. Binning all light curves results in the black points, and a horizontal dashed black line is marked at unit relative flux for reference. The binned light curve shows a transit light curve consistent with that seen in the TESS data. While the light curve shape is in principle sensitive to wavelength due to the stellar limb darkening wavelength dependency, the quality of the ground-based data is not sufficient for it to be sensitive to the small variations in shape between different bands.
(or eclipse depth) that can explain the observed signal in the TESS data.
The combined ground-based data, from both LCO and MEarth, plotted in Figure 2 , show a shallow transit signal with a low signal-to-noise ratio. Although noisy, the observed signal is consistent with the transit seen in the TESS data. Therefore, as mentioned above, we used it to refine the transit ephemeris by simultaneously fitting TESS and ground-based light curves with P and T 0 as the only free parameters. The fitted values for those parameters are listed in Table 2 . In this fitting we have adopted Gaussian priors on R p /R s , (R p + R s )/a, cos i, and the two limb darkening parameters in the TESS band, following their fitted values as derived when fitting only the TESS data. We adopted Gaussian priors also for the limb darkening coefficients of the groundbased light curves, centered on theoretical values from Claret et al. (2012) and a 1σ value of 0.10. In a separate fit we allowed the limb darkening coefficients of the ground-based light curve to vary freely, resulting in identical values for P and T 0 . To monitor the target's RV and measure the spectroscopic orbit we used the High Accuracy Radial velocity Planet Searcher (HARPS; Mayor et al. 2003) . Our strategy was to acquire two consecutive RV points per night of 1,200 seconds each. We ended with a time series of 20 RV points spanning 11 days, between 2019 September 19 and September 30. To derive RVs we followed Astudillo-Defru et al. (2017): RVs from HARPS Data Reduction Software were used to shift reduced spectra (Lovis, & Pepe 2007) to a common reference frame. A median spectrum was computed and shifted in several RV steps. From each step we derived the likelihood, whose maximum resulted in the RV used hereafter. The spectra signal-to-noise ratio (SNR) varies between 9-14 at 600 nm, equivalent to a RV precision of 5.0-1.8 m s −1 , or an average of 2.9 m s −1 . The RV dispersion is 4.7 m s −1 .
High resolution spectroscopy
The HARPS RVs are listed in Table 3 . We also list in Table 3 five HARPS RVs derived from archival HARPS spectra that were available to us through the European Southern Observatory (ESO) online archive 6 . Those spectra were obtained during 2008 (two spectra) and 2011 (three spectra).
High angular resolution imaging
The constant light from unresolved stars within the TESS photometric aperture can reduce the amplitude of the transit signal, thus reducing the inferred planet radius. They can even be the source of false positives if the companion itself is an eclipsing binary (Ciardi et al. 2015) . We used adaptive optics imaging at VLT/NaCo to search for such visual companions. A total of 9 images were collected, each with 8s exposure, in the Brγ band centered at 2.166 µm. The telescope was dithered between each exposure, to allow a sky background to be constructed from the science frames. We used a custom set of IDL codes to process the data following a standard process: bad pixels were removed, images were flat fielded and a sky background subtracted, the stellar position was aligned between frames, and the images were coadded. Our contrast sensitivity is calculated by inserting fake companions, and scaling their brightness until they are detected at 5σ. No companions are detected in the field of view. The image and the sensitivity curve are shown in Figure 3 . Table 13 and Equation 11), resulting in 0.405 ± 0.020 M ⊙ and 0.424 ± 0.022 M ⊙ , respectively. The latter two estimates are within 10% or 2σ from the above estimates.
We estimated the stellar radius using the empirical relation between radius and M K derived by Mann et al. (2015, see their Table 1) , resulting in R s = 0.391 ± 0.020 R ⊙ , assuming a conservative uncertainty of 5%. For comparison, we estimated the stellar ra- dius using the radius-mass empirical relation derived by Boyajian et al. (2012, their Equation 10 ), resulting in 0.368 ± 0.018 R ⊙ , which is 6% or 1.1σ from the estimate above.
To estimate the stellar effective temperature we first calculated the bolometric correction BC K to M K . We do that using the empirical relations between BC K and the V − J color given by Mann et al. (2015, Table 3 ). We found BC K = 2.64 ± 0.13 mag and in turn a bolometric magnitude of M bol = 9.01 ± 0.13 mag, which is equivalent to a bolometric luminosity of L s = 0.0196 +0.0026 −0.0023 L ⊙ . Finally, using the Stefan-Boltzmann law we got T eff = 3458 +140 −133 K. The stellar parameters derived here correspond to a spectral type of M2.5 (Pecaut, & Mamajek 2013) 7 .
We note that our derived stellar mass, radius, and temperature, are within 1.5σ of the values reported by Muirhead et al. (2018) and TIC V8 .
We estimated the stellar metallicity using the method described by Dittmann et al. (2016) . We identified stars in the Dittmann et al. (2016) sample with similar color and M K to GJ 1252, and calculated a weighted mean of the metallicity of those stars where the weights are the distance from the target position in the color-magnitude diagram. This resulted in a metallicity of [Fe/H] = 0.1 ± 0.1.
Inspection of the HARPS spectra showed absorption in the H α line. According to Walkowicz, & Hawley (2009) on the archival HARPS spectra, which according to their study of the correlation between log R ′ HK and stellar rotation corresponds to a rotation period of 72 days.
We attempted to measure the stellar rotation period using multi-season time-series photometry from WASP-South (see Pollacco et al. 2006) , taken between 2008 -2011. The period analysis of each observing season is shown in Figure 4 , along with the analysis of all seasons combined (top panel). The strongest period component in the combined analysis is at 64 ± 4 days, taking into account that the modulation may not be coherent over the full WASP dataset. This is close to the prediction above based on log R ′ HK .
REJECTING FALSE POSITIVE SCENARIOS
In the subsections below we consider the various false positive scenarios that might lead to a transit-like signal in the TESS data and show that they are rejected based on the data we have accumulated.
The target is an EB
The transit-like signal might be a grazing eclipse signal due to a stellar eclipsing companion. However, such massive companion would make the target show a large RV variation, which is not observed. We have a total of 25 HARPS RVs, five from archival spectra and 20 from spectra obtained as part of this work, listed in Table 3 . Those RVs were taken over 11 years (2008 -2019) and span less than 20 m s −1 with individual RV uncertainties of 2-5 m s −1 . We note that the replacement of the HARPS fiber in 2015 is expected to induce an RV zero point offset of only a few m s −1 for early-type M dwarfs (Lo Curto et al. 2015) , so it should not affect the HARPS RV span significantly. In addition, the Gaia DR2 RV is 7.34 ± 0.33 km s −1 , with an RV uncertainty typical of single stars (Katz et al. 2019) , and consistent with the HARPS RVs (see Table 3 ). This rules out a stellar companion since a 0.1 M ⊙ binary companion at the transit period would induce an RV semi-amplitude of the target of 43 km s −1 . Moreover, a 1 M Jup companion would induce an RV semi-amplitude of 0.47 km s −1 which the observed RVs also reject.
Yet another way to rule out the transit companion being a massive object (massive planet or more massive object) is through orbital phase modulations in the TESS light curve. A massive orbiting companion is expected to induce detectable phase modulations along the orbit, as recently detected in the TESS light curve of a few star-planet systems (WASP-18, Shporer et al. 2019; KELT-9, Wong et al. 2019; WASP-121, Daylan et al. 2019 ; for a review see Shporer 2017) . A companion with 10 M Jup is expected to induce modulations with a semi-amplitude larger than 200 ppm. We have tested the detectability of such a signal through injection and recovery and concluded that it would have been clearly detected in the data.
Nearby EB and background EB
The transit signal in the TESS data can be originating from an eclipsing binary that is not associated with the target but whose light is blended with the target in the TESS PSF, which is roughly an arc-minute wide (see Figure 5 ).
To test that scenario we observed the target using ground-based seeing-limited facilities (see Section 2.2). Those observations show that nearby stars that are resolved in our ground-based observations do not show variability, and the photometric precision for each of the stars is sufficient to rule out an eclipse deep enough to induce the observed transit on the target in the TESS
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DSS Red 1990 LCO 2m SDSS-i 2019 TESS FFI S13 data, given the brightness difference in TESS magnitude. Moreover, we have identified in Figure 2 a transitlike feature in the target light curve in data obtained by two different ground-based facilities.
It is also possible that there is an EB in the target's background that is blended with the target in the ground-based seeing-limited data. That scenario is ruled out with the help of the star's high proper motion. Archival images from 1975 and 1990 offer an unobstructed view toward the current position of GJ 1252. Those images (see Figure 5 ) rule out any background stars brighter than R ≈ 19.1 mag, which is good enough to exclude any eclipsing binaries capable of producing a transit-like signal in the TESS data with the observed amplitude.
A gravitationally bound EB
The transit-like feature might originate from another star that is gravitationally bound to the target, such that it has the same proper motion and is not resolved in ground-based observations, and if that other star is itself an eclipsing binary or a transiting star-planet system.
Visual examination of the transit light curve shape (see Figure 1) shows that it has a short ingress and egress and most of the transit is spent in the so called "flat bottom" part (2nd to 3rd contacts). This is expressed quantitatively by the measured flat bottom duration (see Table 2 ) to be 93.4±3.6 % of the total transit duration. Therefore, the relative duration of the ingress and egress is < 9 % (3σ). This value is also an upper limit on the possible radii ratio that can produce the observed light curve, whether it is on the target star or originating from a fully blended gravitationally bound star which is itself an EB or star-planet system. Therefore the transiting or eclipsing object must be smaller than 0.34 R Jup which is close to the radius of Neptune. Hence the transiting object cannot be a star, a brown dwarf, or a gas giant planet.
A gravitationally bound transiting star-planet system
We are left with the possibility that a gravitationally bound star has a transiting planet. From the above the planet-to-star radii ratio must be below 9%, making the transit depth no more than 0.8%. In order to produce the observed transit depth in the TESS data of 0.09% the gravitationally bound star must contribute at least 9% to the total light in the TESS band. Given the contrast curve measured by AO imaging (see Section 2.4 and Figure 3 ) this means the bound star must be not fainter than 2.6 mag below the target and thus within 0.1 arcsec from the target, since the AO imaging was done in Br γ band, where the brightness difference between the target and a smaller M dwarf companion will be smaller than in the optical (TESS band).
The stellar mean density based on the characteristics of the transit signal is 9.74 ± 0.65 g cm −3 (assuming the transiting object is a planet, with a negligible mass compared to the host star). This is consistent with the mean density given the estimates of the stellar radius and mass, of 9.00 ± 1.45 g cm −3 . However, smaller stars have larger mean density. A 0.3 M ⊙ main sequence star has a mean density of about 15 g cm −3 , which is inconsistent with the transit observation. While this rules out a transit on a bound star with mass below 0.3 M ⊙ , a star more massive than 0.3 M ⊙ and still of lower mass than the target (of 0.38 M ⊙ ) should have been bright enough to be detected in the HARPS spectra, which show only lines from the target (i.e. it is single lined). Therefore we can rule out the transit signal in the TESS data as originating from a planet transiting a bound star.
Another argument against this scenario is the following. An angular distance of 0.1 arcsec corresponds to a sky-projected physical distance of 2.0 au. Since the 11 years coverage of the HARPS RVs (2008 -2019) show constant RV to well within 100 m s −1 we can rule out low-mass companions at that distance down to a planet mass. For example, a 0.1 M ⊙ object in a circular orbit with a radius of 2 au would result in a RV semiamplitude of 3.0 km s −1 (with a period of 4.0 years), and a 10 M Jup object would result in a RV semi-amplitude of 310 m s −1 (with a period of 4.5 years). While this can be used to rule out the existence of a stellar companion within 0.1 arcsec of the target, we note that these RV semi-amplitudes assume an edge-on orbit (orbital inclination of 90 degrees). A face-on orbit can in principle be undetected by the HARPS RVs. Gaia time series astrometry expected to be published within the next few years should be sensitive to massive companions regardless of orbital orientation.
INVESTIGATING THE ORBITAL RV SIGNAL
We investigated the HARPS RVs to see if they reveal the host star's orbital motion. We have done that in two ways. We first looked for a periodic signal in the RV data set (see Figure 6 ), and in a second analysis we fitted a circular orbit while fixing the period and phase to be consistent with the transit ephemeris (see Figure 7 ). In both analyses we used from Table 3 the 20 RVs obtained during 2019 while ignoring the 5 RVs from the HARPS archival RVs. The reason for doing so is that the RV zero point offset following the 2015 HARPS fiber replacement is at the level of a few m s −1 (Lo Curto et al. 2015) , comparable to the expected RV semi-amplitude. And, the 5 RVs obtained before 2015 are insufficient for a reliable determination of the pre-2015 RV zero point.
Our first analysis was aimed at looking for a periodic signal in the HARPS RVs. As the RVs show a linear trend (see Figure 7 ), we first fitted and removed a linear trend. The fitted slope was -0.950 ± 0.036 m s −1 d −1 . We then performed a Lomb-Scargle period analysis (Lomb 1976; Scargle 1982) of the detrended RVs, shown in Figure 6 . The periodogram shows a strong peak at the transit frequency, while showing a few other strong peaks. Those other peaks are due to aliasing, since the periodogram of a pure sinusoidal signal at the orbital period injected at the RV time stamps shows a highly similar structure. The periodogram of that injected signal is also shown in Figure 6 in gray, scaled to the original periodogram for visibility. The two periodograms show similar peaks, and specifically the three strongest peaks, including the one at the transit period, are almost identical. We conclude that the RVs show a periodic sinusoidal variability at the transit period.
In our second analysis we used radvel (Fulton et al. 2018) to fit for a circular orbit with a linear trend. We adopted the RV slope reference epoch at BJD of 2,458,751, at the center of the time period covered by RVs. We fitted for the orbital semi-amplitude K, the RV zero point γ, a linear trendγ, and RV jitter σ RV . We used a Gaussian prior on the period and transit time fol- lowing the results of the light curve fit ( Table 2) . The fitted parameters are listed in Table 2 and the fitted model is plotted in Figure 7 . The fitted RV trend is -1.13 ± 0.24 m s −1 d −1 , consistent with the trend fitted above in our first analysis. The fitted RV semi-amplitude was K = 3.17 ± 0.85 m s −1 , representing a detection with 4σ significance. We tested our analysis by rerunning it while setting the jitter term equal to zero. That analysis resulted in identical fitted parameters. We also attempted to fit an eccentric orbit (with and without an RV jitter term), but the resulting eccentricity was so poorly constrained that we opted to fit only for a circular orbit, which is expected for this short orbital period system. Using the measured RV semi-amplitude (3.17 ± 0.85 m s −1 ), the host star mass (0.381 ± 0.019 M ⊙ ), and the orbital period we estimated the planet mass to be M p = 2.09 ± 0.56 M ⊕ . We acknowledge that this mass measurement has a relatively low statistical significance (≈ 4σ), and deriving it includes fitting a linear trend whose nature is currently not known. Therefore, we caution that the true uncertainty in the mass may be larger than 0.56 M ⊕ . 6. DISCUSSION GJ 1252 b joins a small but growing group of small planets orbiting nearby M dwarf stars (e.g., Charbonneau et al. 2009; Gillon et al. 2016; Vanderspek et al. 2019; Kostov et al. 2019; Günther et al. 2019, Gan et al. in prep.) . It also joins the group of small planets orbiting at very short periods, commonly called ultra short periods, or USPs (e.g., Léger et al. 2009; Batalha et al. 2011; Sanchis-Ojeda et al. 2014; Adams et al. 2016; Winn et al. 2018) .
USPs orbital period ranges from about one day down to less than 10 hours (e.g., Howard et al. 2013; Dai et al. 2017) , and even as short as ≈4 hours, especially around M dwarfs (Ofir, & Dreizler 2013; Rappaport et al. 2013; Smith et al. 2018) . Planets in this group tend to be smaller than 2 R ⊕ (Winn et al. 2018) , and are believed to have undergone photo-evaporation which removed their atmosphere (Lundkvist et al. 2016; Owen, & Wu 2017) . With a radius of 1.193 ± 0.074 R ⊕ and an equilibrium temperature of 997 +53 −49 K, it is likely that GJ 1252 b have also went through that process.
As shown in Figure 9 , GJ 1252 is one of the closest planet host stars to the Sun to host a planet with a measured radius. This proximity allows probing the system for massive planets at wide orbits with Gaia astrometric data that will be published in the next few years. Given GJ 1252's distance and mass, the astrometric signal of an orbiting planet is 123(M p /M Jup )(a/au) µas (e.g., Perryman et al. 2014; Sozzetti et al. 2014 ), com-pared to an expected astrometric precision 8 of ≈ 10 µas for an M type star as bright as GJ 1252. Therefore, while the Gaia astrometric data will not be sensitive to GJ 1252 b it will complement and extend the ongoing RV monitoring in identifying additional companions. For example, the full HARPS RV time series, including archival RVs, suggests GJ 1252 is a single star. The Gaia astrometric data will allow confirming that independently of orbital inclination.
What is the origin of the long-term trend seen in the HARPS RV data? One possibility is that it is induced by another planet in the system, with an orbital period a few times longer than the 12 day time span of the RV data. This is supported by the fact that many USPs reside in multi-planet systems (Winn et al. 2018) . Another possibility is that the trend is caused by stellar activity. However, according to our findings in Section 3, the star is expected to show only low stellar activity. Future RVs will result in an improved dynamical estimate of the planet's mass, and will also allow for a better investigation of the nature of the RV trend.
While our mass measurement is marginal, it is interesting to examine the position of GJ 1252 b in the radius-mass diagram, plotted in Figure 8 . The plot shows that GJ 1252 b is among the smallest planets with an estimated mass. Its period and radius place it below the gap in the distribution of close-in planetary radii around M dwarfs (Cloutier, & Menou 2019) , a gap that is at a slightly smaller radius range than for planets orbiting Sun-like stars (Fulton et al. 2017; Cloutier, & Menou 2019) . It was shown by several authors that the majority of small planets, below the radius gap, with measured radii and masses have terrestrial bulk compositions (Dai et al. 2019; Jontof-Hutter 2019; Otegi et al. 2019 ). This prediction is consistent with GJ 1252 b's measured bulk density, of 6.8 ± 2.2 g cm −3 , and its position between theoretical radius-mass relations assuming pure iron and pure rock compositions (Zeng et al. 2016) .
GJ 1252's brightness (V = 12.19 mag, K = 7.92 mag) and the short orbital period (0.518 day, or 12.4 hours) make it a potential target for transmission and emission spectroscopy, which can reveal whether or not the planet has an atmosphere. Following Kempton et al. (2018) the system's transmission spectroscopy metric (TSM) is 18.3±6.4, and its emission spectroscopy metric (ESM) is 13.7±2.8. While both metrics are above the corresponding recommended cutoffs of Kempton et al. (2018) they do have large uncertainties. Additional RVs and TESS photometry will lead to improved planet mass and radius measurements, in turn leading to more precise TSM and ESM. Additional RVs are now being gathered, and additional TESS photometry is scheduled to be obtained Figure 8 . Planet radius vs. planet mass with GJ 1252 b marked in red. GJ 1252 b is marked in red, and models of pure iron (Fe) and pure rock (MgSiO3) compositions are overplotted, taken from Zeng et al. (2016) . The plot omits planets with a poor radius or mass measurement where the measured parameter is smaller than 1.5 times the uncertainty. Solar system planets are marked in blue. Data taken from the NASA Exoplanet Archive on 2019 Oct 16. Figure 9 . Planet radius as a function of host star distance for planets with known radius. GJ 1252 b is marked in red. The plot does not include planets with a poor radius measurement where radius is smaller than 1.5 times the radius uncertainty. We note that unlike Figure 8 this plot includes planets without a mass measurement. Data taken from the NASA Exoplanet Archive on October 16, 2019.
during the first sector of the TESS extended mission, Sector 27, in July 2020. 7. SUMMARY GJ 1252 b joins the short but growing list of small planets orbiting bright and nearby stars discovered by TESS that are amenable to detailed characterization.
We took advantage of the star's properties, specifically its small size and high proper motion, to validate the transit signal detected in TESS data as originating from a star-planet system. We also obtained a marginal planet mass measurement, and ongoing RV monitoring will allow an improved mass estimate. If successful it will lead to a precise planet mass measurement below the radius gap (Fulton et al. 2017; Cloutier, & Menou 2019) . Long term RV monitoring will also allow looking for other planets in the system, as will future TESS photometry to be obtained during the TESS extended mission.
The host star proximity and brightness and the short orbital period make this star-planet system an attractive target for detailed characterization. These investigations include studying the planet's atmosphere (Kempton et al. 2018) , and using future Gaia astrometric data, combined with long term RV monitoring, to look for any currently unknown star, brown dwarf, or massive planet orbiting the host star.
